ABSTRACT. Larvae of the raccoon roundworm, Baylisascaris procyonis (B. procyonis) are a known cause of cerebrospinal larva migrans in animals and humans. The present paper described details of the central nervous lesion in the rabbits (Oryctolagus cuniculus) affected with B. procyonis larva migrans in Japan. Clinically affected animals showed neurological signs including circling, torticollis, tremor of head, or ataxic gait. The most characteristic pathological alterations were large malacic lesions associated with an activated astroglial proliferation which was seen at the corpus medullare in the cerebellum including the cerebellar peduncle. Moreover, focal malacic lesions with perivascular cuffing and infiltration by lymphocytes and heterophiles were scattered everywhere throughout the brain. In these lesions or normal-appearing areas away from obvious lesions, ascarid larvae, about a maximum 65-75 µm in diameter, were recognized. Other prominent features were minute lesions (we call them migration tract-like lesions) composed of lymphocytes, hemosiderin-laden macrophages and reactive astrocytes scattering throughout the cerebrum. In this study, we demonstrated ascarid larvae in only eight out of 23 animals diagnosed as B. procyonis larva migrans. Since it is not always possible to detect the larvae, the possibility of B. procyonis larva migrans must be given serious consideration to the characteristic lesions described above.
Baylisascaris procyonis (Nematoda, Family Ascarididae) is large roundworms common in raccoons (Procyon lotor), and has been emerged as an important cause of cerebrospinal nematodiasis in North America since the early 1980s [11] . Although this disorder had been the only recognized cause of avian cerebrospinal nematodiosis, it has become evident from spontaneous or experimental infection and a variety of species that B. procyonis is the most commonly recognized cause of clinical larva migrans in animals, having produced fatal or severe neurologic disease in over 90 species of birds and mammals, including humans [9] .
According to a recent review [10] , the parasite has been diagnosed or implicated as the cause of fatal or severe neurologic disease of 13 children [3, 6, 7, 20, 21] , and was considered the cause of death in a child with an intracardiac eosinophilic mass [1] . B. procyonis is also a widely acknowledged cause of human ocular larva migrans, and frequently induces diffuse unilateral subacute neuroretinitis in North America and Europe [13, 14, 17] .
Raccoons are indigenous to North America, but B. procyonis larva migrans has been reported in small animals kept in zoos in Germany [16] and Ireland [15] , and a suspected case of German [17] .
In the summer of 2000, we encountered an outbreak of B. procyonis larva migrans in rabbits [22] . We describe here the neuropathological findings in our cases. The CNS lesions in this disorder seemed to be stereotypical in rabbits [2, 4, 5, 8, 12, 19] . In this paper, we also note the newly recognized alterations, which we call migration tract-like lesions. These lesions seemed to be regarded as characteristic alterations in this disorder, however, a detailed description of these lesions were not given in the previous papers.
MATERIALS AND METHODS
Case histories: From May to July 2000, among dozens of foxes, rabbits, and guinea pigs, and 12 raccoons in a small wildlife park in the eastern area of mainland Japan, approximately 10 rabbits showed neuroparalysis and died within about 10 days after the appearance of symptoms. In late July, five rabbits were pathologically diagnosed as cerebrospinal larva migrans due to Baylisascaris species in our laboratory. Clinically, these showed circling, torticollis, head tremors or ataxic gait, and cerebellar ataxia or vestibular dysfunction. After that, the infected cases increased in number, and two, four, ten and five were dissected in August, September, October and November, respectively. Although the exact ages of the affected animals were unknown, there was no apparent age or sex predilection. Parasitological and epidemiological studies, which have been reported in detail elsewhere [22] , established the final identification of B. procyonis. Briefly, in this facility one young and two adult raccoons out of twelve were infected with B. procyonis, and an adult pet raccoon which was donated to this facility 8 weeks prior to the disease onset shed numerous eggs in its feces. By tissue digestion of two rabbits, seven heads of third-stage larvae of B. procyonis were recovered from the hindlimb and head/trunk muscles of a rabbit, but no larvae from the muscles of the other in whose cerebellum larvae were detected histopathologically.
Animals: Twenty-six rabbits (11 males, 12 females, and 3 of unknown cases) were submitted to our laboratory for pathological examination from July to November 2000. Five had died after showing clinical signs, and the others were humanely destroyed.
Histology and immunohistochemistry: Samples collected from the central nervous system (CNS), including the trigeminal ganglia and spinal cord, along with the eyes and visceral organs, were fixed in 10% neutral buffered formalin, embedded in paraffin and sectioned at a 4 µm-thickness. Sections were stained with H&E, PAS, Giemsa, Gram (MacCallum-Goodpasture method) and Gomori's trichrome. In addition, one hundred serial sections were made from some paraffin blocks of the CNS and carefully examined.
Immunohistochemistry was performed on selected sections of the CNS using the avidin-biotin-peroxidase complex (ABC) method with an ABC kit (Vector Lab., U.S.A.). The antibodies used in this study were monoclonal anti-rabbit macrophage (1:400, DAKO, U.S.A.) and monoclonal anti-human glial fibrillary acidic protein (GFAP)(1:2000, DAKO, Denmark). To assess the specificity of the immunostaining, normal mouse serum was substituted for the specific primary antibodies. Controls for all immunohistochemical reactions were negative.
RESULTS

Macroscopical findings:
Almost all cases were dehydrated and emaciated with scanty subcutaneous or abdominal fatty tissues. In some cases, multiple firm nodules were observed in the liver and lung. No abnormalities were seen in the CNS.
Microscopic findings: Lesions were observed in the CNS in 23 out of the 26 animals examined. These showed similar alterations with a similar distribution in the CNS (Fig. 1) , although the severity and stage of the disease differed. The most characteristic features were large malacic lesions without hemorrhage seen at the corpus medullare in the cerebellum (including the cerebellar peduncle) (Fig. 2) . In these lesions, perivascular cuffing and infiltration by lymphocytes and heterophiles were also observed. In the early stage, the lesions were characterized by numerous vacuolations of neuropils and accumulations of numerous foamy macrophages and gemistocytic astrocytes (Fig. 3) . In some cases, abundant empty clefts formed by lipid crystals were also observed at the center of the malacic lesions (Fig. 4) . At the more advanced stages, the lesions were replaced by severe fibrillary gliosis.
In some cross or a longitudinal sections, ascarid larvae which were about 65-75 µm in diameter, were observed in above-mentioned lesions (Fig. 5) . The cross sections showed the larval intestine located in the central portion, triangular excretory columns on each side of the intestine, and prominent, single, paired lateral alae. Larvae were found in both the cerebrum and cerebellum, with and without inflammatory reactions. Although these ascarid larvae were found in only eight of 26 animals examined, final diagnosis was based not only on observation of the larvae, but also on localization of the typical lesions mentioned above.
Focal lesions were scattered everywhere throughout the brain, but mainly in the cerebral cortex, midbrain, and brain stem; they were the same qualitative lesions as those seen in the cerebellum and were astrogliosis-associated malacic foci or focal necrosis. In the cerebellar cortex in some cases, focal cavitations or spongiosis were observed in association with necrosis, and calcific bodies in the granular layer and/ or isomorphic gliosis in the molecular layer.
Other prominent features were minute lesions (we call them migration tract-like lesions), which were an accumulation of only a few cells associated with cleft-like spaces (Fig. 6 ). They were composed of lymphocytes, hemosiderin-laden macrophages and reactive astrocytes (Fig. 7) and were scattered throughout the cerebrum. Meningeal infiltrates and perivascular cuffing (including meningeal and H&E, Bar=0.5 mm. Fig. 3 . Detail of Fig. 1 showing numerous gemistocytic astrocytes, foamy macrophages and lymphocyte infiltration. H&E, Bar=100 µm. Fig. 4 . A cavity is formed in the center of a malacic lesion surrounded by fibrillary astrocytes and lymphocytes. Lipid crystals within macrophages are also observed. H&E, Bar=100 µm. Fig. 5 . A cross section and longitudinally cut section of an ascarid larva is in a malacic lesion, identified as B. procyonis. H&E, Bar=100 µm. Fig. 6 . Migration tract-like lesion in the cerebral cortex composed of lymphocytes and hemosiderin-laden macrophages. H&E, Bar=100 µm. submeningeal vessels) of lymphocytes and heterophiles were also features of the inflammatory reaction in the brain. No histological lesions were found in ocular sections. In several cases, granulomatous lesions caused by Encephalitozoon cuniculi infection were found in the CNS and kidney. In some cases, granulomatous lesions with calcification of the central area were seen in the liver and lung.
DISCUSSION
The disease in the present rabbit cases was characterized by large malacic lesions at the corpus medullare of the cerebellum. In advanced cases, severe astrogliosis and/or cavitation were also observed. Although focal lesions of the migration tracts [10] were observed everywhere throughout the brain and spinal cord, the extensive lesions in the cerebellum appeared to be responsible for the clinical manifestations. Based on the distribution of histopathological lesions, the larvae seemed to reach and wander the cerebellum in the advanced stages of larva migrans. Such lesions seemed to be stereotypical in rabbits [2, 4, 5, 8, 12, 19] and other animals [10] . Localization of large malacic lesions even without the larvae are important for establishing the diagnosis.
Although the minute lesions (which we call migration tract-like lesions) were thought to be caused by larval migration, they did not appear to be the initial lesions nor to become infiltrated with additional inflammatory cells since astroglial reactions were observed. While the migration tract revealed as malacic foci showed a tendency to locate in the cerebellar cortex, midbrain, and brain stem, those minute lesions were observed mainly in the cerebrum. Since larvae passed quickly through the cerebrum, the lesions might escape the inflammatory reactions against larval excretory-secretory antigens and show vestiges of physical damage from larval migration.
Although in the present outbreak the number of rabbits available for parasitological examination was limited, seven larval heads were recovered from the muscles of an affected rabbit, but no larvae from another affected one [22] , suggesting that only a few larvae may have produced the disease in the present cases. In this study, we demonstrated the ascarid larvae in only eight cases out of 23 animals diagnosed as B. procyonis larva migrans. Since it is not always possible to detect the larvae, a consideration to be B. procyonis larva migrans must be given to such lesions described above.
According to Miyashita [18] , over 20,000 raccoons were imported into Japan as pets for 15 years starting in 1977. Now many naturalized raccoons inhabit in several areas of Honshu and Hokkaido, causing many ecological problems. B. procyonis has been found in both zoo-kept and pet raccoons in Japan. Fortunately, no cases of B. procyonis larva migrans had been reported in Japan, but its occurrence was predicted [18] . This outbreak poses a new public health problem in Japan, because B. procyonis causes one of the more severe zoonotic larva migrans due to its predilection for the CNS and its occurrence in animals foreshadows the infection of humans as seen in North America [3, 6, 7, 20, 21] and Europe [17] .
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